Targets presented just beyond arm's reach look closer when observers intend to touch them with a reach-extending tool rather than without the tool. This finding is one of several that suggest that a person's ability to act influences perceived distance to objects. However, some critics have argued that apparent action effects were actually due to effects on the judgments rather than on the perception. In other words, the target does not actually look closer, but participants report that it is. To help counter this argument, the current experiments used an indirect measure of perceived distance: Participants reported perceived shape or perceived parallelism. The results revealed that triangles looked shorter and lines looked more horizontal to participants who reached with a tool, and therefore could reach the targets, than they did to participants who reached without the tool. These results demonstrate convergence across multiple types of judgments, a finding that undermines alternative, judgment-based accounts and suggests that the ability to reach an object changes the perceived distance to the object.
According to an action-specific account of perception (e.g. Witt, in press), object characteristics are scaled to the abilities and intentions of the perceiver. Targets placed beyond reach look closer when reaching with a tool than when reaching without the tool Witt, Proffitt, & Epstein, 2005) . Items placed on the ground look farther away when a perceiver's walking or throwing to them requires more energy expenditure (Proffitt, Stefanucci, Banton, & Epstein, 2003; Stefanucci, Proffitt, Banton, & Epstein, 2005; Witt, Proffitt, & Epstein, 2004 . Objects that are oriented to be easier to grasp look closer than objects oriented to be difficult to grasp , and objects that will be grasped with the right hand look smaller and more graspable to right-handed participants Linkenauger, Witt, & Proffitt, in press ). These effects in perceived distance and size reveal perception to be more actionoriented than is traditionally supposed; perception is not geometrically precise and behaviorally neutral but is scaled to the perceiver's abilities.
Critics of the action-specific perception account (e.g. Loomis & Philbeck, 2008) have charged that the response itself, rather than perception, is the locus of these effects. In other words, individuals perceive targets similarly across conditions but adjust their judgments according to their intentions and abilities. One reason that the action-specific perception account is vulnerable to these criticisms is that nearly all of the previous studies have used direct measures of the perceived dimension, thus making the experimental hypothesis potentially transparent to participants. To help counter this criticism, the experiments to be reported here used indirect measures of perceived distance. If action ability influences perception rather than judgment, then it should do so even with indirect measures. In the following studies, measures of perceived shape and perceived parallelism were used to determine whether reaching with a tool to targets just beyond arm's reach make those targets look closer than when reaching without the tool.
Tool use provides a useful method for changing action possibilities. Tool use expands "near space," which has been defined metrically as the space within 1-2 m (Cutting & Vishton, 1995) and has been defined functionally as the space within reach. When monkeys reach with a tool, receptive fields in the intraparietal sulcus that respond to objects within reach elongate along the length of the tool (Iriki, Tanaka, & Iwamura, 1996) . Neglect patients who show neglect only in near space, as revealed by a rightward bias when bisecting lines, also show similar neglect in far space when bisecting the lines with a tool (Berti & Frassinetti, 2000; Pegna et al., 2001) . The leftward bias in line bisection found in neurally intact participants for lines in near space is also found for far lines when they bisect the lines with a tool (Longo & Lourenco, 2006) . Cross-modal studies revealed that distractor lights, which interfere with tactile detection when the light is positioned near the hand but not far from the hand, also interfere with tactile detection when positioned at the end of a tool being wielded (Maravita, Spence, Kennett, & Driver, 2002) . These studies demonstrate that near space expands with tool use.
Tool use also influences reported distance to objects. had participants reach to targets with and without a tool.
The targets were presented just beyond arm's reach but easily within reach of the tool. In one experiment, participants estimated the distance to the targets by verbally reporting the distance in inches. In all subsequent experiments, participants estimated distance by completing a visual matching task where they adjusted the distance between two circles presented on the left and right sides of the target so that the distance between these comparison circles matched the egocentric distance to the target. Targets were reported to be closer when participants intended to reach with the tool than when they intended to reach without it. Interestingly, and consistent with previous work on tool use (Iriki et al., 1996; Maravita et al., 2002) , simply holding the tool without intending to use it did not influence reported distance. However, the targets were reported to be closer even when participants estimated distance without holding the tool as long as they intended to pick it up and use the tool to reach after each estimate .
In addition to these studies of tool-use on apparent distance, a growing body of evidence supports action-specific effects. Softball players who were hitting better selected larger circles as matching the size of the ball . Golfers who were playing better selected larger circles as matching the size of the hole (Witt, Linkenauger, Bakdash, & Proffitt, 2008) . Participants who required fewer attempts to throw a dart to a target selected larger circles as matching the size of the target (Cañal-Bruland, Pijpers, & Oudejans, 2010; Wesp, Cichello, Gracia, & Davis, 2004) . Athletes who made more successful field goal kicks judged that the goal was bigger (Witt & Dorsch, 2009) . Tennis players judged the ball as moving slower when they successfully returned the ball (Witt & Sugovic, 2010) . Children who were more successful at throwing a ball to a target reported it to be bigger than did less successful children (Cañal-Bruland & van der Kamp, 2009) . Tools that were oriented to be easy to grasp were reported to be closer than when the tools were oriented to be difficult to grasp . Hills that are too steep to descend but not too steep to ascend were reported to be steeper when viewed from the top (Proffitt, Bhalla, Gossweiler, & Midgett, 1995) . Increased effort required to walk or throw to targets placed on the ground increased the reported distance to the targets (Proffitt et al., 2003; Stefanucci et al., 2005; Witt et al., 2004 . Energy-depleted perceivers who drank a sugary drink reported hills to look less steep than did energy-depleted perceivers who drank a sugar-free drink that had been equated for taste (Schnall, Zadra, & Proffitt, 2010) .
Some have argued that these effects are not perceptual. Although participants who wear a heavy backpack report that hills look steeper (Bhalla & Proffitt, 1999) , a follow-up study using a short wooden ramp revealed an effect only when participants knew the backpack was a key manipulation but not when the backpack was supposedly incidental to another aspect of the experiment (Durgin et al., 2009) . Although wearing a backpack might not increase effort enough to change the perception of a 2 m-long ramp (Proffitt, 2009) , and elaborate cover stories may lead to response biases as well, the concern still stands as to whether these effects are truly perceptual. Other research has failed to replicate the effects of effort on distance judgments except when participants were instructed to base their responses on how far away they "feel the object is, taking all non-visual factors into account" (Woods, Philbeck, & Danoff, 2009 , p. 1113 ).
According to traditional views, perception is a function mainly of optical and oculomotor information, so the debate concerns the extent to which non-optical information can influence visual perception. Perception is considered to be a modular process (Fodor, 1983) where non-optical factors, such as prior experience, have limited effects. Thus, the findings that ability and intention can influence perception (e.g. challenge the notion that perception is modular because these findings reveal that action-related information and intention influence perception. Therefore, one must be careful before claiming that these effects are perceptual.
One way to further advance our understanding of the nature of these effects is to use an indirect measure of perceived distance. Indirect measures provide a useful tool for researchers to examine a phenomenon while minimizing concern that participants are knowingly or unknowingly being influenced by demand characteristics. In the current experiments, I used indirect measures of perceived distance to examine the effect of being able to reach to a target (via tool use) on its perceived distance. If the target actually looks closer, this change in perception should have consequences for perceived shape and perceived parallelism (see Figure 1 ).
Experiment 1
Participants viewed three circles in the shape of a triangle that were projected onto a table (see Figure 2 ). The distal circle was presented beyond reach of their hands but within reach for participants who used a tool. Participants estimated the shape of the triangle by adjusting the relative position of three circles presented on a monitor to match the shape of the triangle on the table. Then they reached to the top of the triangle on the table, either with or without the tool. The prediction was that participants who reached with a tool would report the triangle to be shorter than would those who reached without the tool.
Method
Participants. Thirty-two individuals (18 females, 14 males) participated in exchange for course credit or payment. All were naïve to the purpose of the experiment. Stimuli and apparatus. The experimental set-up is depicted in Figure 2 . Stimulus triangles were projected downward onto a white table. The table measured 2.44 m wide and 1.83 m deep. The stimulus triangle consisted of three white circles (each 5 cm in diameter) projected onto the table to form an isosceles triangle. The base circles were 42 cm from the edge of the table closest to the participant, so these circles were within reach even without using the tool, although participants never reached to these circles. The distance between the base circles was one of four possible widths (30, 35, 40, and 45 cm) . The height of this triangle was one of 15 heights, ranging from 14 cm shorter than the width to 14 cm taller, in 2-cm increments. This resulted in 47 approximately distinct aspect ratios.
A comparison triangle, which consisted of three white circles (each 1.75 cm in diameter), was presented on a computer monitor (41 ϫ 30.7 cm), which was positioned to the participants' right. The comparison triangle always started with the width between the base circles at 14.2 cm and the height at 11.5 cm. The base circles were 6.5 cm from the bottom of the screen. A keyboard was positioned below the monitor. Participants in the Tool condition reached with a conductor's baton, which was 45.7 cm long.
Procedure. Participants were assigned to the Tool condition or the No Tool condition in alternating order. For participants in the Tool condition, the baton was lying on the table. For participants in the No Tool condition, the baton was not present during the experiment. On each trial, a stimulus triangle was projected on the table, and the comparison triangle was displayed on the monitor. Participants could press the keys 1, 3, 4, and 6, which moved the top circle of the comparison triangle on the monitor. Keys 1 and 3 moved the circle down, and keys 4 and 6 moved it up. Keys 1 and 4 made small adjustments (five pixels at a time), while keys 3 and 6 made large adjustments (30 pixels at a time). Participants pressed the keys with their right hand. When the participant was satisfied that the two triangles were the same shape, she or he pressed the Enter key. At this point, all the circles disappeared. Participants in the Tool condition then picked up the baton with their right hand and touched the tip of the baton to the location where the top of the triangle had been, and then put the baton back on the table. Participants in the No Tool condition reached to the top of the triangle with the tip of their finger on their right hand. If the target was too far to reach, as was often the case, participants reached as far as they could and pointed to the location instead. Participants completed one block with all 60 stimuli configurations (4 widths ϫ 15 heights).
Results and Discussion
The aspect ratios (height/base) of the comparison triangle were submitted to a 2 (Tool or No Tool) ϫ 47 (stimulus triangle aspect ratio) repeated-measures analysis of variance (ANOVA) with Tool Condition as a between-subjects factor and stimulus triangle aspect ratio as a within-subjects factor. Figure 3 ). The effect of width was also significant, F(3, 90) ϭ 75.14, p Ͻ .001, p 2 ϭ .72. At this point, it is unknown what led to the effect of width on perceived aspect ratio. One possibility is that participants struggled to match the various widths of the stimulus triangle to the single width of the comparison triangle. The interaction between width and tool was not significant, F(3, 90) ϭ 0.32, p Ͼ .80.
These results provide evidence that participants who reached with a tool perceived the triangles to be shorter compared with participants who reached without a tool and therefore could not reach the top of the triangles. The implication is that participants in the Tool condition perceived the top to be closer, and therefore perceived the triangle to be shorter as a consequence.
Experiment 2
Experiment 1 suggests that tool use influenced perceived shape. Triangles were estimated as shorter when participants intended to reach to the top of the triangle with a tool, and therefore could reach the top, compared with participants who reached without the tool and could not reach the top. The purpose of the second experiment was to determine whether action capabilities could be shown to influence perception with a slightly different indirect task. Participants positioned the circles comprising the base of the triangle so that the triangle was an equilateral triangle. The prediction was that participants in the Tool condition would see the top of the triangle to be closer, so they would position the base circles to be closer together in order to create an equilateral triangle.
Method
Participants. Sixteen individuals (seven females, nine males) participated in exchange for course credit. All were naïve to the purpose of the experiment.
Stimuli and apparatus. The same table and tool as in Experiment 1 were used, although the monitor was not used. Three circles in the shape of a triangle were projected onto the table. The circles that constituted the base were again positioned 42 cm from the edge of the table closest to the participants, and thus were within reach even without the tool, although participants never reached to these circles. The base circles started 30 cm or 45 cm apart. The height of the triangle was set to 1 of 10 values ranging from 30 to 57 cm in 3-cm intervals. A wireless keypad was positioned on the table to the left of the participants.
Procedure. Participants were assigned to the Tool or No Tool condition in alternating order. Participants in the Tool condition held the baton in their right hand for the duration of the experiment. The baton was not present for participants in the No Tool condition. At the beginning of the experiment, participants were told that an equilateral triangle is a triangle in which all three sides are the same length, and they were shown a sheet of paper with the example of the equilateral triangle.
On each trial, three circles in the shape of an isosceles triangle were projected on the table. Participants began by reaching to the top of the triangle. Reach instructions were the same as in Experiment 1. Participants then pressed keys (1, 3, 4, 6) on the keypad with their left hand to move the circles constituting the base of the triangle closer together or farther apart in small or large increments. Their task was to position the width of the base so that the triangle was an equilateral triangle. After the participant had positioned the base circles, she or he pressed the Enter key. All circles disappeared, and the participant reached to the location previously occupied by the top of the triangle. Participants completed trials containing all 10 heights starting at both base widths with three repetitions each for a total of 60 trials.
Results and Discussion
Two dependent measures, aspect ratio and triangle width, were analyzed in separate 2 ϫ 10 repeated-measures ANOVAs with Tool Condition as a between-subjects factor and triangle height as a within-subjects factor. Tool Condition significantly affected aspect ratio, F(1, 14) ϭ 10.05, p Ͻ .01, p 2 ϭ .42 (see Figure 4A ). Participants who reached with the tool judged taller triangles as being equilateral compared with participants who reached without the tool. Both groups produced aspect ratios below the aspect ratio of an equilateral triangle (.866). This is probably an instance of the horizontal-vertical illusion, where vertical extents look shorter than horizontal extents. The effect of triangle height was not significant, F(9, 126) ϭ 1.41, p ϭ .19. The interaction between Tool Condition and triangle height was not significant, F(9, 126) ϭ 1.14, p ϭ .34.
Tool Condition significantly affected triangle width, F(1, 14) ϭ 9.98, p Ͻ .01, p 2 ϭ .42 (see Figure 4B ). Participants in the Tool condition selected a narrower width than did participants in the No Tool condition. Height was also significant, F(9, 126) ϭ 353.28, p Ͻ .001, p 2 ϭ .96. Participants selected a wider base for taller triangles. The interaction of tool condition and height was not significant, F(9, 126) ϭ 1.21, p ϭ .29. These results confirm those of Experiment 1. When tasked with making the triangle equilateral, participants in the Tool condition positioned the base circles to be closer together. These participants judged taller triangles as being equilateral compared with participants who reached without the tool. The implication is that participants who reached with the tool perceived the top of the triangle to be closer.
Experiment 3
Although all experiments on the effects of tool use on perceived distance have compared tool and no-tool conditions (Experiments 1 and 2; , many experiments have used a laser pointer as the control condition (Berti & Frassinetti, 2000; Longo & Laurenco, 2006; Pegna et al., 2001) . One of the advantages of the laser pointer is that participants can still make responses for a target that is out of reach. In order to verify that the effect of tool use on spatial perception is due to being able to physically reach to the target, Experiment 2 was repeated with the Tool condition compared to a laser condition.
Method
Participants. Twenty-five naïve individuals (13 females, 12 males) participated in exchange for course credit.
Stimuli, apparatus, and procedure. Everything was the same as in Experiment 2 except that a Laser condition replaced the No Tool condition. Participants in the Laser condition used a keychain laser pointer that was 5 cm long. They were instructed to reach out with the laser pointer and touch the top of the triangle with the tip of the pointer. If the circle was too far to be touched, they were instructed to reach as far as possible and shine the laser on the target. Participants then positioned the circles in the base so that the triangle was an equilateral triangle by pressing the keys on the keypad with their non-dominant hand. Once all the circles disappeared, participants reached again. As in Experiment 2, participants completed 60 trials.
Results and Discussion
Again, aspect ratio and triangle width were analyzed in separate repeated-measures ANOVAs. Tool Condition significantly affected aspect ratio, F(1, 23) ϭ 4.76, p Ͻ .05, p 2 ϭ .17 (see Figure  5A ). The effect of height and the interaction of height and Tool Condition were not significant, Fs(9, 207) Ͻ 1, ps Ͼ .65. Tool Condition also significantly affected triangle width, F(1, 23) ϭ 4.86, p Ͻ .05, p 2 ϭ .17 (see Figure 5B ). Participants in the Tool condition positioned the base circles closer together than did participants in the Laser condition. Triangle height was significant, F(9, 207) ϭ 524.07, p Ͻ .001, p 2 ϭ .96. The interaction with Tool Condition and height was not significant, F(9, 207) ϭ 1.63, p ϭ .11. As in the previous experiments, the results can be explained in terms of the target looking closer when the participant intended to reach to it with a tool.
In this experiment, participants in the control condition reached with a laser pointer rather than with their hands. The results corroborate work that demonstrates that reaching with a tool that physically extends into space and pointing with a laser differentially affect visual attention (e.g. Berti & Frassinetti, 2000; Longo & Laurenco, 2006; Pegna et al., 2001 ). The results also extend previous work on distance judgments by demonstrating that the effects of holding the baton are not due to just holding any tool. In the laser condition, participants held a tool, admittedly a short tool, yet the triangles were estimated to be taller than they were judged by participants who held the longer tool. Moreover, combining the data from Experiments 2 and 3 revealed a significant effect of Tool Condition, F(2, 38) ϭ 7.23, p Ͻ .01, p 2 ϭ .28, but planned comparisons showed that the difference between the No Tool condition (M ϭ 0.73, SE ϭ .02) and the Laser condition (M ϭ 0.77, SE ϭ .02) was not significant, p ϭ .19. Thus, the act of reaching with a tool in and of itself does not influence perceived distance. Rather, targets look closer when they can be physically reached. The current study also helps to rule out alternative explanations related to the participants' success at the task. When comparing the baton to a no tool condition, participants who reached with the baton were always successful, whereas participants who reached without the baton were unsuccessful at reaching and had to point instead. In contrast, in this experiment, both participants were successful at the designated task, yet there were still differences in their positioning of the triangle's base. Thus far, these results provide evidence that tool use influences perceived shape, presumably by influencing perceived distance to the objects that comprise the shape. However, a potential concern is that Euclidean geometry might not be a fundamental property of perceived space. Indeed, several studies demonstrate the perception does not follow Euclidean principles. For example, extents presented in depth are compressed in perception relative to the same extents presented in the fronto-parallel plane (e.g. Loomis, Da Silva, Fujita, & Fukusima, 1992) . Given that perceived space might not be Euclidean, one possibility is that tool-dependent distance effects might be apparent only when perceivers are forced to make Euclidean judgments. In contrast, judgments made about geometric properties that are fundamental to perception might be immune to the perceiver's ability to reach. A possible geometry of perceived space is affine geometry. When participants had to bisect lines in a virtual 3D environment, there were distortions in their bisections, but the perceived space conformed to affine structure (Todd, Oomes, Koenderink, & Kappers, 2001) . Even though the issue of the geometry of perceived space has yielded mixed results (e.g. Foley, Ribeiro-Filho, & Da Silva, 2004; Loomis et al., 1992; Todd et al., 2001; Wagner, 1985) , it seemed worthwhile to test whether tool use influenced judgments of perceived parallelism, which is a property preserved in affine geometry.
Method
Participants. Twenty individuals (seven females, 13 males) participated in exchange for course credit. All were naïve to the purpose of the experiment.
Stimuli and apparatus. Four circles (5 cm in diameter) were projected onto the table as shown in Figure 6 . The two circles that constituted the far line were positioned so that the left circle (labeled A in Figure 6 ) was beyond reach with the hand but within reach with the tool (distance ranged from 82-109 cm) while the right circle (labeled B) was positioned 66 cm away from the edge of the table closest to the participant. This circle was within reach even without the tool. The left circle of the far line (A) was always the target for reaching and was aligned to the participant's midline. The right circle of the far line (B) was positioned 25 cm to the right of the participants' midline. The other two circles constituted the near line. The left circle of the near line (C) was centered on the participant's midline and started 22.5 cm from the edge of the table. The right circle of the near line (D) was 25 cm to the right of the participant's midline and 17 cm from the edge and was well within reach. A wireless keypad was placed to the participant's left.
Procedure. Participants were assigned to the Tool or No Tool condition in alternating order. Those in the Tool condition held the baton in the right hand for the duration of the experiment. The baton was not present in the No Tool condition. On each trial, participants moved the left circle of the near line (C) closer to or farther from the edge of the table using the keypad with their left hand. Instructions specified that participants should position this circle so that the near line (line CD) was parallel to the far line (line AB). No mention was made of distance. On each trial, participants positioned the near line, pressed Enter to make all the circles disappear, and then reached to the location previously occupied by the target (A). Reach instructions were the same as in previous experiments. The target (A) was positioned at 10 different distances for a total of 10 different line orientations, and participants completed six repetitions of each distance for a total of 60 trials.
Results and Discussion
Line orientations were coded as angles with 90°being a line oriented in depth and extending away from the perceiver and 0°b eing a horizontal line orthogonal to that direction. The positioned angle of the near line was the dependent variable in a 2 ϫ 10 repeated-measures ANOVA with Tool Condition as a betweensubjects factor and far line angle as a within-subjects factor. The effect of Tool Condition was significant, F(1, 18) ϭ 5.16, p Ͻ .05, p 2 ϭ .22 (see Figure 7A ). Participants in the Tool condition selected a more horizontal line than did their counterparts in the No Tool condition. The angle of the far line was also significant, F(9, 162) ϭ 208.56, p Ͻ .001, p 2 ϭ .92. The interaction between far line angle and Tool Condition was not significant, F(9, 162) ϭ 0.83, p Ͼ .59. The data were also analyzed with vertical distance between the near line circles as a function of the vertical distance between the far line circles and Tool Condition. The effect of Tool Condition was significant, F(1, 18) ϭ 5.59, p Ͻ .05, p 2 ϭ .24 (see Figure 7B ). The far line vertical distance was significant, F(9, 162) ϭ 168.17, p Ͻ .001, p 2 ϭ .90, as was the interaction, F(9, 162) ϭ 3.93, p Ͻ .001, p 2 ϭ .18. For lines with more vertical distance, the effect of Tool Condition was bigger.
When asked to position the two lines to be parallel, participants who reached with the tool positioned the near line to be more horizontal. These results suggest that participants who reached with a tool perceived the far line to be more horizontal, which is presumably explained by the claim that these participants perceived the target as closer, compared with participants who reached without the tool. 
General Discussion
Four experiments provide evidence that when a perceiver intends to reach, optical information is scaled by the perceiver's ability to reach a target. Targets were presented just beyond arm's reach, and reaching ability was extended by use of a tool. Participants made judgments about the shape of triangles or adjusted two lines to be parallel. Although neither perceived shape nor perceived parallelism requires a perception of distance, the hypothesis was that participants who reached with a tool would perceive the target to be closer, and this scaling would influence perceived shape and parallelism. The results indicate that people who reached with a tool judged the triangles to be shorter than did participants who reached with their hands or with a laser pointer. The results also show that participants who reached with a tool judged a distal line that had the target as the far end-point to be more horizontal than did participants who reached without the tool.
The dependent measures were perceived shape and parallelism, but the implication is that participants perceived the target to be closer. That tool use can influence perceived distance has already been claimed ; however, these studies provide the first evidence for this claim as assessed by indirect measures. Such measures undercut previous suggestions that prior distance perception findings were due to nonperceptual factors influencing responses.
The stimuli were constructed so that only the target object was presented in the space that was beyond reach without the tool and within reach with the tool. The assumption was that using a tool would mainly affect perception of objects in this space. Indeed, Experiment 4 revealed that using the tool did not affect perception of all objects to the same extent. If participants who had reached with the tool had perceived all the objects as closer, then they would have positioned the near line to be the same orientation as the No Tool group. Thus, the effect of intending-to-reach-with-atool is specific to, or at least greater for, perception of targets just beyond reach of the arm. However, a question not addressed by these studies is whether tool-use influences perception across the entire space that is remapped with tool-use such that all objects within the space look closer. Alternatively, while objects that are targets for reaching look closer with tool-use, objects that are also beyond arm's reach but not targets for reaching might be unaffected.
Even though perceived shape and perceived parallelism are direct measures of spatial perception, they are indirect measures of perceived distance. That indirect measures reveal significant effects of a tool on perceived distance is strong evidence that the effect is not rooted in a simple response bias. Although it might be obvious that putting on a backpack should make a hill look steeper, it is not obvious how holding and reaching with a tool should influence perceived shape and certainly not perceived parallelism. Participants did not know that the measure of interest was perceived distance because they were asked to make judgments about shape and parallelism instead. Therefore, the current results provide support for the thesis that action-specific effects are perceptual in origin.
The current results also favor a perceptual account by providing converging measures that reaching ability influences perceived distance. Following Foley (1977) , Philbeck & Loomis (1997) argued that converging measures provide support that the measures are indicators of a common, underlying perception. Each perceptual response is driven by the underlying percept and by the unique, post-perceptual process that generates the response. The following are implications of their model. If only a single response is affected by a manipulation, then the manipulation is believed to influence the post-perceptual process that generates that response. However, if multiple types of responses are affected, the manipulation is believed to influence the common, underlying perception. Thus, "converging evidence using judgments of these other variables . . . like size, shape, and motion . . . and action-based measures . . . is needed to establish that perceived distance is truly being affected" (Loomis & Philbeck, 2008, p. 33) . The current studies demonstrate convergence by showing that reaching with a tool influences judgments of shape and parallelism.
Recently, convergence was also demonstrated with action-based measures . Participants viewed a target with either the intention to walk to it or the intention to throw a beanbag to it. We predicted that those who intended to walk to the target would perceive it in terms of the effort required to walk to it, whereas those who intended to throw to the target would perceive it in terms of the effort required to throw to it. Effort for walking was manipulated for all participants using a treadmill. Walking on a treadmill pairs forward walking biomechanics with stationary optic flow, which leads to a visuomotor recalibration (Rieser, Pick, Asmead, & Garing, 1995) . After recalibration, people anticipate having to exert more effort in order to walk a specified distance (Proffitt et al., 2003) , but the recalibration does not influence throwing (Rieser et al., 1995) . Thus, the recalibration should lead to targets looking farther away to participants who intend to walk but not to participants who intend to throw. When asked to verbally report the distance to an 8-m target, participants who intended to walk judged the target to be farther away than those who intended to throw (Witt et al., 2004) . When asked to blindwalk to the target, participants who intended to walk blindwalked farther than did participants who had intended to throw but were blindfolded and then told to walk instead . Thus, both verbal reports and blindwalking, which is an action-based measure, reveal the effects of effort and intention on perceived distance.
Although the current results challenge traditional theories that perception is modular, the results are consistent with ecological views of perception. According to Gibson (1979) , perception is mainly of affordances, which are the possibilities for action. The current results reveal that even when perceivers are asked to make judgments of geometric aspects of the environment such as shape, they perceive the geometry in terms of affordances, in the present case, for reaching. That is, perceiving is a function of the relationship between the organism and its environment, and even something as seemingly objective as distance or shape perception becomes an expression of the perceived relationship between the self and the environment.
In summary, the current results provide support for the actionspecific perception account. They reveal that perception is a function of scaling optical information to the perceiver's abilities. When the perceiver's reaching extent was extended with a tool, targets that would have otherwise been beyond reach looked closer. When the target was the far point of a triangle, participants who reached to the target with a tool perceived the triangles to be shorter. When the target was the far end-point of a line, participants who reached with a tool perceived the line to be more horizontal. Perceived shape and perceived parallelism provided indirect measures of perceived distance, and both suggest that targets looked closer when they could be reached.
